Objective The objectives of this study were to determine temporal trends in forceps and vacuum delivery and factors associated with operative vaginal delivery.
Introduction
Operative vaginal delivery, during which the second stage of labour is shortened with the assistance of a vacuum device or forceps, is an important management option in clinical situations where delivery needs to be expedited. In the setting of indications such as maternal exhaustion, a concerning fetal heart rate tracing, or maternal medical benefit from a short second stage, operative vaginal delivery represents an alternative to caesarean delivery. 1, 2 Although operative delivery involves risk for maternal and neonatal complications, 3, 4 many women will elect for operative delivery given the longer recovery and downstream health effects associated with caesarean section. 5, 6 Birth attendants have used forceps for centuries and vacuum assistance for decades, 7 but recent delivery trends have demonstrated that forceps use in particular has declined in the setting of higher caesarean delivery rates. 2, [8] [9] [10] These changes may be particularly important in obstetric education as a significant proportion of senior obstetrics and gynecology residents do not feel comfortable performing forceps deliveries 11 with many teaching hospitals performing this type of delivery rarely or not at all. 12 Safe use of forceps, including proper application, requires skill and proper training and appropriate patient selection; if forceps or a vacuum is misapplied, the risk for adverse maternal and/or neonatal outcomes may be higher. 13 If procedure volume becomes sufficiently low, the use of forceps may become 'extinct' in clinical practice, 2 unless simulation is demonstrated to be an adequate substitute for higher clinical volume. 14 Given the importance of operative delivery procedure volume on current and future practice, the purpose of this analysis was to characterise trends of vacuum and forceps use on a population basis in the USA.
Methods
This population-based study used US vital statistics data to evaluate factors associated with operative vaginal delivery from 2005 to 2013. This analysis had one primary outcome: use of forceps or vacuum during vaginal delivery. The reporting of operative vaginal deliveries from birth certificates is moderately to highly sensitive compared with hospital records. 3 Only non-anomalous, live-born, singleton pregnancies where vaginal delivery occurred between ≥ 36 and < 42 weeks of gestation were included. We performed a series of analyses related to operative delivery trends. First, we evaluated the proportion of vaginal deliveries that were either forceps or vacuum over the study period for all births in the USA. Second, we grouped states into regions based on the US Census Bureau (West, Midwest, South and Northeast) to evaluate whether changes in operative delivery were occurring across different regions. Third, we performed an analysis restricted to states reporting births using the 2003 revision of the live-birth certificates. The 2003 birth certificate revision contains more detailed obstetric, medical and demographic data than the previous 1989 version. 15 Individual patient, obstetric and medical factors associated with operative delivery were evaluated. Adjusted models were then created for operative delivery using the 2003 revision of the live certificates.
Finally, a sensitivity analysis was performed. Because the 2003 updated format was incorporated gradually on a state-wide basis, the sample frame changes. States using the revised format 16 The number of births available in this format increases annually given this uptake. To account for this changing sampling frame, the bivariate and adjusted analyses were repeated restricting the data set to the 22 states using the revised birth certificate from 2007 to 2013. The following states were included in the sensitivity analysis: California, Colorado, Delaware, Florida, Idaho, Indiana, Iowa, Kansas, Kentucky, Nebraska, New Hampshire, New York (excluding New York City), North Dakota, Ohio, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas, Vermont, Washington and Wyoming, as well as Puerto Rico. Hence, although both the primary and sensitivity-adjusted analyses include a large number of births, they do not include the entire population. As US vital statistics data are both publically available and de-identified, this analysis was exempt from institutional review board approval.
Demographic, obstetric and medical factors possibly associated with operative delivery available in the revised birth certificate were included in the adjusted analyses. Patient demographics included age (< 20, 20-24, 25-29, 30-34 and ≥ 35 years), race/ethnicity (non-Hispanic white, non-Hispanic black, non-Hispanic other and Hispanic), highest level of education (nine categories, ranging from ceasing at eighth grade (age 13-14 years) to obtaining a doctorate), marital status (married or unmarried) and year of delivery. Obstetric factors included trimester of presentation for prenatal care, prior caesarean delivery, induction of labour, prolonged labour and gestational age at delivery. Medical factors included in the analysis included gestational diabetes, pre-existing diabetes and chronic hypertension.
On an exploratory basis, we evaluated risk of neonatal birth injury as documented on the birth certificate. The diagnosis of a birth injury in the 2003-revised birth certificate may include any of the following conditions: skeletal fractures, peripheral nerve injury, and/or soft tissue/solid organ haemorrhage that requires intervention. Reporting of birth injury on birth certificates may be low quality and of limited validity; given these potential weaknesses in the data, this portion of the analysis was performed on an exploratory basis as there is otherwise scant population-level data on these outcomes in the setting of operative delivery. Rates of birth injury by year by type of delivery (forceps vaginal, vacuum vaginal, nonoperative vaginal and caesarean) are reported. A sensitivity analysis was similarly performed restricted to states using the revised certificate as of 2007.
Associations with maternal clinical and demographic variables and operative delivery were compared using the chi-square test. To account for the effect of clinical, obstetric and demographic factors on the probability of the outcomes analysed, we developed logistic regression models including factors that were clinically important and/or statistically significant on univariable analysis. Results are reported as an odds ratio with a 95% confidence interval (95% CI). All analyses were performed using SAS 9.4. Analysis of factors associated with operative delivery restricted to the 2003 revised birth certificate is demonstrated in Table 1 . Diagnoses associated with increased likelihood of operative delivery included labour induction, augmentation and chorioamnionitis. Maternal factors including pre-existing and gestational diabetes, nulliparity and previous caesarean delivery were also associated with increased likelihood of operative delivery. In the logistic regression models for both vacuum and forceps delivery, likelihood for operative delivery decreased significantly during the study period. The adjusted odds ratio for forceps delivery (OR) was 0.70 (95% CI 0.69-0.72) in 2013 with 2005 as a reference. For vacuum delivery the odds ratio was 0.68 (95% CI 0.67-0.69) comparing the same years. The odds ratio for any operative delivery in 2013 was 0.68 (95% CI 0.68-0.69) with 2005 as a referent. Factors associated with higher likelihood of operative delivery included having previously undergone a caesarean delivery (OR 2.97, 95% CI 2.92-3.01), prolonged labour (OR 1.56, 95% CI 1.54-1.59) and chorioamnionitis (OR 1.85, 95% CI 1.82-1.87) ( Table 2 ). Increasing educational status was associated with decreased probability for both forceps and vacuum delivery. For example, with education ≤ 8th grade as a referent, odds ratios for some college and doctorate education were 0.81 (95% CI 0.80-0.82) and 0.70 (95% CI 0.69-0.72) for vacuum delivery and 0.83 (95% CI 0.80-0.86) and 0.88 (95% CI 0.83-0.92) for forceps delivery, respectively.
The bivariate and adjusted analyses were repeated, restricting the data set to the 22 states using the revised birth certificate in 2007 through to 2013. Both adjusted *The rate of forceps delivery is calculated excluding vacuum deliveries from the denominator. Similarly, the rate of vacuum delivery is calculated excluding forceps from the denominator. All comparisons were significant with P < 0.001. and unadjusted analyses were similar to the larger cohort of all patients with births documented by the revised birth certificate. The rate of operative delivery decreased from 6.6% in 2007 to 4.9% in 2013. Forceps decreased from 1.2% to 0.8% and vacuum decreased from 5.6% to 4.1%. In the adjusted model, the odds ratio for any operative delivery in 2013 was 0.67 (95% CI 0.66-0.68) with 2007 as a referent. Odds ratios were similar to the initial model for other obstetric, medical and demographic factors (see Table S1 ).
The rate of birth injury in the setting of decreasing operative delivery rates did not appear to change significantly as the study progressed (see Figure S1 ). For forceps vaginal delivery, the birth injury rate was 2.0 per 1000 deliveries at the start of the study period and reached an peak of 4.7 per 1000 deliveries in 2009, with a rate of 3.6 per 1000 deliveries at the end of the study period. For vacuum vaginal delivery, the birth injury rate was 2.0 per 1000 deliveries at the start of the study period, reached an peak of 2.9 per 1000 deliveries in 2010, before decreasing and returning to a rate of 2.9 per 1000 deliveries at the end of the study period. In the analysis restricted to states using the revised certificate as of 2007, no increased risk was seen with operative delivery over the study period (results not shown).
Discussion

Main findings
During the study period, operative vaginal deliveryboth with forceps and vacuum-declined on a yearly basis, reaching nadirs of 0.9% and 4.2%, respectively, in 2013. Decreases in operative delivery rates were seen across the geographic regions evaluated. The trends in this analysis demonstrate that although the American Congress of Obstetricians and Gynecologists and the Society for Maternal-Fetal Medicine support operative delivery as an alternative to caesarean delivery in certain clinical scenarios, 17 the use of these procedures is becoming less common in the setting of high caesarean delivery rates. These findings, along with research on individual hospitals and resident education, 11,12 represent a particular concern in providing adequate education for trainees to perform these procedures in the future. Current forceps delivery rates are dramatically lower now than they were for current obstetricians who will be retiring in the coming decade. Further reduction of operative delivery rates may be associated with even higher subsequent rates of caesarean delivery. Our findings of lower operative delivery rates being associated with increasing patient educational status raise the possibility that patient preference may be playing a role in operative delivery trends.
Strengths and limitations
An important limitation in considering the result of this analysis is that capture of accurate diagnoses and validity are concerns with birth certificate data. [18] [19] [20] Although previous reports demonstrate moderate to high sensitivity of operative delivery in natality data compared with hospital medical records, 3 obstetric and maternal risk factors in particular may be sub-optimally documented and so not fully accounted for in our models. 21 Indeed, previous reports using neonatal discharge data have demonstrated birth injury rates of 1.1% for forceps delivery and 0.8% for vacuum delivery, 3 suggesting that ascertainment of these outcomes is probably higher by using linked birth certificateneonatal discharge data. Another important limitation regarding interpretation of birth injuries is that this study does not include hospital level data including whether delivery occurred at a teaching or community hospital and what the rates of operative delivery at individual centres were. Research from other specialties has demonstrated that the centre at which a procedure is performed may factor in to the outcome. 22 It is possible that centres where operative delivery rates are relatively high may be at lower risk for adverse outcomes, particularly with regards to provider variability. 23 Because of these limitations we include birth injury outcomes as an exploratory analysis that requires further investigation. Although our exploratory analysis demonstrated relatively stable risk of neonatal injury in the setting of forceps over the study period, to fully model this outcome and determine a robust model for risk, valid data on neonatal outcomes is required, as are other data required to perform risk adjustment including fetal station, provider volume, length of second stage, estimated weight and other factors. Finally, for our adjusted analyses for operative delivery use, we note that we cannot provide risk adjustment for the entire US population because of the differential uptake of the 2003 birth certificate revision, and the temporal trends and risk demonstrated, although based on a large number of births, represent an approximation of adjusted risk for the entire population.
Strengths of the study include: (i) a full national data set of women with information on delivery type, (ii) a 9-year study period that clearly demonstrates temporal trends, and (iii) a series of sub-group and sensitivity analyses evaluating specific geographic regions and demographic and obstetric factors. Given the large numbers of patients included in the analysis, some statistically significant differences may not be representative of meaningful clinical differences.
Interpretation
There are several important considerations when interpreting the findings of this study. First, this data set does not contain physician-level data such as number of years in practice or the previous number of operative deliveries performed. Forceps deliveries in particular may be occurring in the hands of a few, senior, well-trained providers at a small subset of hospitals. Hence operative delivery rates may be lower for a large proportion of trainees than indicated by the national estimates provided in this analysis. Furthermore, the rates of operative delivery may decrease precipitously in the near future if experienced providers retire without similarly well-trained providers taking their place. Second, specific details regarding the individual delivery such as fetal station and position that may factor into the technical difficulty of the delivery are not included in the data set. It is possible that in the setting of reduced operative delivery volume, the proportion of more technically challenging operative deliveries is decreasing as well. Third, previous analyses of operative delivery in the USA have demonstrated highly variable patterns of decisionmaking suggesting a pattern of 'almost random decision making'. 24 In contrast to use of operative delivery that may vary on a hospital-to-hospital or regional basis, our analysis demonstrated reduction of operative delivery in the USA across geographic regions.
Conclusion
In summary, our findings demonstrated a major decline in forceps and vacuum-assisted vaginal deliveries between 2005 and 2013 across the USA. Initiatives that allow future generations of obstetricians to develop expertise in performing operative deliveries in the setting of decreased volume are an urgent medical educational priority to ensure women have this management option available to them in the future. Future research is indicated to determine the clinical implications of decreased operative delivery in terms of both failed operative delivery and risk for neonatal birth injury; population-based research that incorporates both birth certificate data as well as neonatal discharge information may provide a robust estimate of neonatal risk.
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